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This study is focused on determination of the significant reservoir rocks in the Siloam
field, Clay County, in the Black Warrior Basin of northeastern Mississippi. The
southwestern margin of the Black Warrior Basin has not been studied in great detail.
The productive units of the Siloam field were identified as the Mississippian Rea and
Carter sands. Thickness was determined using cross sections and isopach maps of
Millerella, Carter, Sanders, and Abernathy sands. Isopach maps show thickness varied,
which may indicate shifting deposition. Surface contour maps show that units dip
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CHAPTER I
INTRODUCTION
This thesis is a traditional field study of the Siloam field in Clay County, Mississippi. The
Siloam field is located in northeastern Mississippi on the southwestern margin of the
Black Warrior Basin. The basin extends into northwestern Alabama. The northern margin
of the Black Warrior Basin is known to have abundant hydrocarbon resources. The USGS
estimates the undiscovered oil and gas resources of the Black Warrior Basin Province in
northeastern Mississippi and northwestern Alabama as approximately 8.5 billion cubic
feet of gas, 5.9 million barrels of oil, and 7.6 million barrels of total natural gas liquids
(Hatch and Pawlewicz, 2007; Pawlewicz and Hatch, 2007). The map in Figure 1.1 shows
the specific location of the Black Warrior Basin Mississippi, outlined in red, and specific
location of the study area, the Siloam Field in Clay County, Mississippi, marked with the
red star.
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Figure 1.1

Location of the Black Warrior Basin Province in northeastern Mississippi
and northwestern Alabama is shown by counties outlined in red. The Black
Warrior Basin is approximately triangular in shape (Hatch, Pawlewicz).
The location of the Siloam Field is indicated by the red star.

The location of Clay County is show in Figure 1.2 The area of Clay County is 408
square miles. It has an irregular shape and was organized in 1871 into a new county from
Lowndes, Webster, Chickasaw, Monroe, and Oktibbeha counties. The area was first
known as Colfax County, but the name was later changed to Clay County (Logan, 1911).
The two maps below (Figure 1.2 and 1.3) show the location of Clay County in
Mississippi relative to other countries. The location of Clay County is in the northeastern
part of Mississippi. The eastern boundary of the county is along the Tombigbee River,
15 miles west of the Alabama State line, and 130 miles east of the Mississippi River
(Logan, 1911). Siloam field is located in northeastern Mississippi on the southwestern
margin of the Black Warrior Basin (Figure 1.3). The basin extends into northwestern
Alabama (Figure 1.1).
2

Figure 1.2

The Location of Clay County in the State of Mississippi (WorldAtlas, 30
June 2016).

Figure 1.3

This map shows the location of the Siloam field in east central the Clay
County, Mississippi (WorldAtlas, 30 June 2016).
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Objective
The objective of this study is to carry out a classical field study of the Siloam
Field in Clay County, Mississippi. This study will focus first on examination of well logs
and documentation of cuttings from the Siloam Field in the Black Warrior Basin in
Mississippi. Lithologic and stratigraphic assessment will begin with documentation of
fundamental characteristics of the oil producing strata in the Clay County area. Data will
be collected from cuttings and well logs, as well as existing geologic maps and literature.
Additional data will be collected by interpretation of well logs. Anticipated results
include: lithologies present, regional cross sections, images from thin section and SEM,
as well as interpretation of the stratigraphic sequences present. All this geologic data will
be collected with the goal of collaboration with engineering faculty and graduate students
in order to contribute to reservoir characterization models. This research is significant
because it seeks to collect data for modeling of an unstudied field in an area that has
received little study in an area that has great future potential for Enhanced Oil Recovery
(EOR) and exploration of unconventional resources.
Hypothesis
The hypothesis tested is that publicly available data including cuttings and well
logs can be used to generate input data for reservoir models useful for future production
in existing fields.
Background
The geological region is the southwestern region of the Black Warrior Basin in
northeastern Mississippi. The entire basin extends from northeastern Mississippi to
4

northwestern Alabama. The Black Warrior Basin is triangular in shape (Figure 1.1). In
addition, the northern margin of the Black Warrior Basin is known to have hydrocarbon
resources. The U.S. Geological Survey (USGS) estimates the undiscovered oil and gas
resources of the Black Warrior Basin Province in northeastern Mississippi and
northwestern Alabama. This production is mostly from the northern part of the basin. The
southwestern margin of the Black Warrior Basin has not been studied in great detail
(Hatch and Pawlewicz. 2007).
Stratigraphically, Mississippi geology can be nicely divided into three parts. It has
Paleozoic stratigraphic units, Mesozoic stratigraphic units, and Cenozoic stratigraphic
units. Paleozoic units from the Black Warrior Basin in northern Mississippi are listed in
the stratigraphic column shown in (Figure 1.5). Paleozoic strata are known mainly from
the subsurface. Paleozoic outcrops of Devonian and Mississippian strata are restricted to
the Tennessee River Valley in Tishomingo County (Devery, 1981; Dockery III, 1996;
James, 2017)
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Figure 1.4

Location of the Black Warrior Basin Province in northwestern Alabama
and northeastern Mississippi. The Black Warrior Basin is approximately
triangular in shape basin. (Hatch and Pawlewicz. 2007).

The stratigraphy of the key units in this study area are shown in Figure 1.5. The
units that have been productive for oil and gas in the past are the Pennsylvanian and
Mississippian deep in the section. These units start at approximately 6,000 feet. They
include the Millerella, the Carter Sand, the Sanders Sand, the Abernathy Sand, the Rea
Sand, and the Lewis Sand (Dockery and Thompson, 2016). The Millerella reservoir unit
is a 35 feet thick sandstone. It is composed of fine grained, medium grained, and silty
sandstone interbedded with streaks of gray to dark gray carbonaceous shale (Dockery and
Thompson, 2016; Frascogna, 1957). The Muldon Clastics are defined as a group of units
below the Millerella Limestone including the Rea, Abernethy, Sanders, and Carter Sands.
They were described as regressive deltaic deposits (Welch 1978). The source of the
sediment was disputed as to whether it came from the Michigan basin or the Ozark
Dome, but all agreed that the depositional environment of these sediments was a deltaic
6

system (Dockery and Thompson, 2016; Cleaves and Broussard, 1980; Welch 1978). The
Lewis Sand was interpreted as the first cycle in a high-constructive wave-dominated
delta. The Evans and Hartselle Sands were deposited as a second cycle with some of that
deposition to the east and the third cycle, termed the Muldon Delta Complex includes the
Rea, Abernethy, Sanders and Carter Sands. The Millerella zone was the fourth cycle of
the delta complex (Dockery, 2016; Cleaves and Broussard, 1980).
The Rea Sand was named for a well land owner in Monroe County, and has been
described as restricted in distribution (Dockery and Thompson 2016; Welch 1959).
Above these units are the undifferentiated Pennsylvainan, which has produced some oil
and gas in the past, and Cretaceous Units including: the Mooreville Chalk, Eutaw and
McShan formations (undifferentiated), Gordo Formation, Coker Formation, and
undifferentiated Lower Cretaceous units, including a massive sand (Dockery and
Thompson, 2016). The Abernethy Sand was named for a well land owner in Chickasaw
County and was noted as restricted and discontinuous in distribution (Dockery and
Thompson, 2016; Welch 1978). The Sanders Sand was named for a well land owner in
Monroe County in 1941 which was a major discovery of gas in the area. Maps of the
Sanders Sand suggest a dendritic delta distributary pattern and the unit is interpreted as
having been deposited as a delta (Dockery and Thompson, 2016; Welch 1978). The
Carter Sand was named for a 1926 Monroe County well, which was the first well to
produce hydrocarbons in Mississippi and is described as one of the most productive units
in the Black Warrior Basin (Dockery and Thompson, 2016, Pashin and Kugler, 1992).
The depositional environment for the Carter Sandstone has been described as point bar
sands in Monroe County (Dockery and Thompson, 2016; Spooner, 1976), sand lobes
7

(Dockery and Thompson, 2016; Welch, 1978), delta plain facies bar finger, delta front,
and prodelta/interdistributary bay (Dockery and Thompson, 2016; Shepard, 1982). Later
descriptions of the Carter Sand suggest that it contains deltaic sands that were redeposited as beaches and spits (Dockery and Thompson, 2016; Panetta, 2003; Pashin and
Kugler, 1992).
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Figure 1.5

Paleozoic Stratigraphic Units, modified Siloam Stratigraphic Column of
Siloam County 290-367 (M.Y.) (Dockery III, 1996).
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Figure 1.6

Cross section from northeast Mississippi to the south crossing through Clay
County shows the steeply dipping Pennsylvanian units and the relative
thickness of the overlying Cretaceous strata (Dockery and Thompson,
2016).

The Floyd Shale in the Black Warrior Basin is the deep basinal equivalent to
most of the Carboniferous units including all of the Muldon Clastics (Dockery and
Thompson, 2016). The porosity, permeability, and geomechanical data of the Floyd
Shale is described from cores. From the analysis of cores, organic-richness, kerogen
type, maturity, thickness, porosity, permeability, and geomechanical behavior were all
found to be satisfactory for a potential shale play. The black shales are sufficiently rich
in organic matter, high maturity, and economic depths for horizontal drilling to produce
gas that results from artificially fracturing the shales. They are true petroleum systems
and potentially viable for future exploration.
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The U.S Geological Survey (USGS) in 2002, discovered, previously unknown
coalbed and gas resources in the Appalachian Basin and Black Warrior Basin. The U.S
Geological Survey assessment of those two provinces as approximately 15.5 trillion cubic
feet of coalbed gas reserves. However, this paper is very helpful because it shows the
most important location of the coalbeds. The thickness of the coal is more than 10 ft (3
m) and the coal bed depth is 350 ft (100 m) (Milici et al., 2010).
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CHAPTER II
METHODS
Selection of Field for Study
Siloam field was chosen based on the availability of well logs, cuttings, thin
sections, production data, and other subsurface data. The data were collected from the
Oil and Gas Board as well as the Mississippi Office of Geology in the Department of
Environmental Quality. The methodology for this study includes the study of well logs,
cuttings, lithology, and depositional environment to help assess reservoir geometry,
potential porosity and possible reactivity in Enhanced Oil Recovery (EOR) efforts.
Siloam field in Clay County was chosen because more data was available from
Siloam field than from most of the other fields in the area. Siloam field is one of the
eight fields in Clay County. It is not the biggest field, but it had the most well and
production data production data in publicly available sources.
Acquisition of Data and Analytical Techniques Used
In September 15, 2017 the cuttings were obtained up from the Department of
Geology Core Storage Facility in Jackson, Mississippi. The well logs are collected from
the Mississippi State Oil and Gas Board (MSOGB) website: (Mississippi State Oil and
Gas Board, 2018). After collecting all the data sources needed for the project, we began
with interpretation of the well logs, which provided the basis for analysis and
interpretation of the study area. Historic well logs are submitted to the OGB and then
12

uploaded online to be curated along with the collection of paper logs. From the website,
the aggregated data was pulled and consolidated, then digitized to be readable by Petra
software. After digitization, we correlated and constructed cross sections isopach maps
and contour maps. Depths and thicknesses were noted from cross sections and maps.
Data Available
Clay County, Mississippi has eight fields and Siloam field is one of the eight.
This field has 19 wells that were used for this study. Of those nineteen, 16 had usable
well log data. The Siloam field was chosen because it had the most data (mainly well
logs) that would useful for this project. The cuttings were obtained from the Office of
Geology in Jackson, Mississippi. The cuttings that were used in this study area were
obtained from two wells in Clay County Mississippi. Those two wells have the most data
compared to other wells. The cutting depth starts from 250 feet and goes to 10000 feet,
but the depth that used to identify lithologic types and mineralogy for this study started at
6000 feet and went to 9500 feet for cross section one and for cross section two the depth
started at 4000 feet and went to 9285 feet.
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Figure 2.1

This Composite Paleozoic Log of Black Warrior Basin Mississippi and
Alabama was used as a type log for identification of key units in the Siloam
Field, from (Xavier and Ewing, 1957). This log shows the Paleozoic
producing units in the study area. The red box in figure 8 shows the study
area that in Paleozoic period.

Construction of Cross Sections, Isopach, and Contour Maps using Petra Software
Nineteen well logs were downloaded from the Mississippi State Oil and Gas
Board website. After collecting the data from the Siloam field, two cross sections were
created using Petra software, an IHS product. After digitization of the logs, cross
sections were created and constructed along with isopach and contour maps using Petra
Software donated to the Department of Geosciences by IHS. The thin sections were
made from the cuttings from the wells J R Hawkins Et al. – 1, API number 232520024 at
depth intervals between 1,800- 9,300 feet and Simmons Unit 36-7, API number
232520052 at depth intervals between 1,900-9,400 feet.
14

Microscopy
SEM images were created at the Institute for Imaging & Analytical Technologies
Mississippi State University using the Zeiss EVO-50 Variable Pressure SEM. These
images were used to helped to determine the nature of porosity, lithologic types, and
mineralogy. Petrographic analysis of thin sections was completed at the Department of
Geosciences microscopy lab and images of thin sections were created in the Gabitov lab.

15

CHAPTER III
RESULTS
Introduction
The Siloam field is one of the eight fields in Clay County. The eight oil and gas fields in
Clay County are Gibson, Boogie Bottom, Abbott, Siloam West Point, Corinne, Walker
Lake, and Pine Bluff. Figure 3.1 includes a map of Clay County with the location of
Siloam field, and an inserted stratigraphic column Mississippi State Oil and Gas Bored
(MSOGB). Website: (Mississippi State Oil and Gas Board, 2018).
The production of oil and gas from the oil fields in Clay County, including Siloam
field, has varied significantly over the years. Production was high in in the 1950s and
1960s. For example,
Table 3.1 shows the Mississippi annual cumulative production oil and gas.
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Table 3.1

This table shows the Mississippi annual cumulative production oil and gas
in the Siloam field Clay County, Mississippi from 1959 to 1967. (Siloam
Field Reservoir Data). (Davis and Lambert, 1963).

In contrast, in more recent years production has dropped significantly. In 2001 all
the eight oil and gas fields located in Clay County, Mississippi had a combined annual
production of 1,089 barrels of oil and 318,672 thousand cubic feet of gas from 22 wells
as reported in the Mississippi State Oil and Gas Board (Mississippi State Oil and Gas
Board, 2018). By 2005 all eight fields in Clay County produced only a total of 21 barrels
of oil with no significant water. “Siloam is ranked as 333 among the oil producing fields
in Mississippi.” Siloam field ranked 59th in gas production in 2005 and produced
189,957 mcf column (Ericksen, 2006).
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Figure 3.1

Mississippi Oil and Gas production index map for Clay County. The red
arrow shows where Siloam field is located in Clay County, Mississippi.
This map includes the Siloam field and seven other oil and gas fields
located in Clay County, Mississippi. The colors on the Siloam field indicate
the productive units. The colors on each field indicate producing oil and
natural gas; Siloam field is dark green (Evans), purple (Rea), and light blue
(Carter) (Mississippi State Oil and Gas Board 2018; Champlin, 2001).
Production Data

Table 3.2 shows monthly production in 2018. Figure 3.2 is a graph created from
Oil and Gas Board Data showing production from the Rea Sand from 1981 to 2018 and
Figure 3.3 is a graph created from Oil and Gas Board Data showing production of natural
gas from the Mississippian Carter unit from 1977 to 2017.
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Table 3.2

Monthly Production by fields and pools in 2018 from the Siloam Field
Mississippian Carter Gas Pool. (Mississippi State Oil and Gas Board,
2018).
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Figure 3.2

This graph 1 shows the Rea Sand gas-natural gas production from the J. R.
Hawkcins et. al. -1 well in Siloam field from 1981 to 2017 (Mississippi
State Oil and Gas Board, 2018).
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Figure 3.3

This graph 2 shows the Mississippian Carter natural gas production from
the J. R. Hawkcins et. al. -1 well in Siloam field from 1977 to 2017
(Mississippi State Oil and Gas Board, 2018).
Cross sections

The map in figure 11 shows the location of the wells used for this study. Figures
12 and 16 show the locations of the two cross sections created for this study. A total of
17 wells were included in the study area, with two type log wells used to correlate to
other historic logs. The first cross section runs from north to south and is shown in figure
16. The productive formations are located at about 8400-9000 feet, just below the
undifferentiated Pennsylvanian units. The second cross section runs from west to east
and is shown in Figure 17. This cross section shows correlation of units on the eastern
side of the field, and also illustrates that the wells in the western side of the field are not
deep enough to show the key productive units.
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Figure 3.4

This map shows the location of all the well logs used for this study
including cross section 1 and 2, as well as all the isopach maps created
using Petra software.

Figure 3.5

This map shows the Location Map for Cross Section 1, A to A’ from north
to south across the study area.
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Figure 3.6

Cross Section 1; the top of the Eutaw is the first yellow line at the top all of
the well logs. The top of the Tuscaloosa is the second line in purple and the
large green zone is undifferentiated Cretaceous. The datum is the top of
the pink zone, which marks the Pennsylvanian unconformity. The large
pink zone is undifferentiated Pennsylvanian. The productive units of
interest begin around 8,400 ft. Key units are Millerella (brown), Carter
(turquoise), Sanders (gray), Lewis Top (bottom datum line). The units are
shown in more detail in figures 3.7 and 3.8 which focus only on the units of
interest.
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Figure 3.7

Cross Section 1; the datum is the first red line (pink line) at the top all of
the well logs, which marks the Pennsylvanian unconformity. The
productive units of interest begin around 8,400 ft. Key units are Millerella
(brown), Carter (turquoise), Sanders (gray), Lewis Top (lowest gray line).

Figure 3.8

This diagram focuses on the productive units of Cross Section 1, which
begin around 8,400 ft. Key units are Millerella (brown), Carter (turquoise),
Sanders (gray), Lewis Top (bottom datum line). The datum is the
Pennsylvanian unconformity as shown in figure 3.7.
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Figure 3.9

This is the location Map for Cross Section 2 B to B’. It shows wells used
in cross section # 2. The cross section runs from West to West.

Figure 3.10

Cross section 2 contains the only two wells on the western side of the study
area. These wells end around 4,000-4,600 feet and do not include the
productive units in this area.
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Cross Section B – Production Units

Figure 3.11

Cross section #2 focused on the productive units in this field. The Simons1 API number 230250063 and Simmons-1 API number 2302520027 were
not deep enough to reach the units of interest for this study.
Millerella

The cuttings imaged for Figure 3.12 came from a zone that included the top of the
Millerella in a sample collected in the range of depth between 8,520 to 8,540 feet. The
top of Millerella (brown line) is at 8,515 feet and the lithology at that point is shale just
above a thin sandstone, based interpretation of the Spontaneous Potential SP log curve.
Photomicrograph A in Figure 3.12 shows cuttings of sandstone, limestone, and shale.
The SEM photomicrograph B is of a cutting from the interval 8740-8760 ft in well 24.
SEM images from this interval showed calcite, quartz, and clay minterals including illite.
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Figure 3.12

This figure shows part of the well log that contains the top of the Millerella
from J R Hawkins et al.-1, API number 2302520024. For this interval,
photomicrograph A shows cuttings in thin sections including chips of
siltstone, sandstone, and limestone. Photomicrograph B shows a cutting
chip from the same interval in SEM with a field of view that includes
quartz and clay minerals.

The photomicrograph in figure 3.13, was taken with crossed polarized light and a
gypsum plate inserted to show quartz grans in bright colors in contrast to the high
birefringence tight calcite cement surrounding the quartz grains.

27

Figure 3.13

The photomicrograph from the interval Millerella at depth 8520-8540 feet
from Siloam field, Clay County, Mississippi shows quartz grains caught up
in calcite cement.
Millerella Base

Proceeding down the well log for Simmons Unit 36-71, API 2302520052, the
next interval of interest is the base of the Millerella. The lithology is shale, based on the
SP log curve and SEM images. Figure 3.14, Image A, shows a sample from well 52
including angular quartz grains (<10 microns) surrounded by the clay mineral illite
indicated by the orange arrow. Identification of illite is based on comparison to images in
Welton (1984). Figure 3.14 shows Photomicrographs A and B which are SEM images of
a cutting from the interval 3390-3400 ft in well 52. This image shows silica quartz
overgrowths in medium grained silt stone as the red circle in Figure 3.14.
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Figure 3.14

The arrow on the left indicates a brown line marking the base of the
Millerella at 8,530 feet and on the right are images of cuttings from the
interval 8,530 to 8,540 feet (Simmons Unit 36-71, API # 2302520052).
SEM photomicrographs A and B show <10-micron quartz grains in a
matrix made up largely of the clay mineral illite.
Lower Carter

Below that, the next section of J R Hawkins et al.-1, API number 2302520024,
examined were cuttings from a unit termed the Lower Carter from the depth interval
8,620 to 8,640 feet. Figure 3.15 shows the top of Lower Carter (blue line) is at 8,640 feet
and the lithology is sandstone based on the SP log. The photomicrograph in figure A
shows a variety of minerals in a single laminated layer and the SEM photomicrograph
shows illite and quartz grains (<10µ microns in diameter) making that rock fragment a
medium siltstone.
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Figure 3.15

The blue line on the well log marks the base of the Lower Carter at 8,640
feet and images of cuttings from the interval 8,620 to 8,640 feet (of J R
Hawkins Etal 1, API number 2302520024) are shown in SEM
photomicrographs A and B next to the well log. Image A shows a variety of
minerals in a single laminated layer and the SEM photomicrograph shows
illite and quartz grains (10µ microns in diameter) making that rock
fragment a medium siltstone.
Sanders Sand

Deeper down in the J R Hawkins et al.-1 (API number 2302520024), the Sanders
Sand is shown on the well log in Figure 3.16, along with cuttings from the depth interval
8,740 to 8,760 feet. The top of the Sanders is marked by the gray line at depth of 8,720
feet and the lithology of the Sanders unit is sandstone, based on the SP log curve. Figure
3.10 A shows a typical lithology from that interval in thin section and Figure 3.10 B
shows a sample from the same interval in the SEM image.
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Figure 3.16

The top of the Sanders Sand is indicated by the gray line and red arrow.
Photomicrograph A is a typical cutting from this interval showing a variety
of laminations in a single cutting. The SEM photomicrograph in image B
shows the clay mineral illite surrounding quartz grains.
Abernathy

Traveling down into the well, the next top in the J R Hawkins et al.-1 (API
number 2302520024) well is the Abernathy (red line) at a depth of 8,880 feet. The
lithology of this interval is calcite and soil (sandstone) based on the SP log curve. The
dominant lithologic type for this interval is shown both in thin section photomicrograph
and SEM (Figure 3.17 and B).
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Figure 3.17

The top of the Abernathy unit is at the red line indicated by the black
arrow. Photomicrograph A shows a thin section of cuttings from the
interval 8,880 to 8,900 ft and is a high-magnification image of a typical
medium siltstone. SEM photomicrograph B of a cutting from the same
interval shows the clay mineral illite surrounding quartz grains.
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Lewis
The lowest top picked in the J R Hawkins et al.-1 (API number 2302520024) is
the Lewis (second gray line) at a depth of 9,270 feet. The cuttings examined at this
interval came from a depth of 9,340 to 9,360 feet. Figure 3.18 A of this image shows an
unusual sandstone. Figure 3.18 B shows an abundance of randomly oriented clay
minerals. Figure 3.19 shows a very tight sand in the Lewis Formation.

Figure 3.18

This SEM photomicrograph of a cutting from the interval 9,340 to 9,360 ft
in well J R Hawkins et al.-1 (API number 2302520024). Photomicrograph
A shows an unusual sandstone. SEM photomicrograph B shows randomly
oriented clay minerals.
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Figure 3.19

Photomicrograph of cutting from the Lewis Sand from the interval 9,340 to
9,360 feet taken with crossed polarized light and gypsum plate inserted
showing very tightly cemented sandstone with dark organic matter and
caught between grains.
Isopach Maps

The isopach maps in figure 3.20, 3.21, 3.22, and 3.23 were created using well log
formation tops and IHS Petra software. In each map, the wells outside of the map
boundaries, are wells where data were missing at the formation depths. The warmer
colors indicate thicker beds and the cooler colors indicate thinning beds. Figure 3.20
shows the thickness of the Millerella Sand, which appears to be thicker in the southwest
corner of the map. Figure 3.21 shows the thickness of the Carter Sand, which is thickest
on the southeast margin of the map. Figure 3.22, the Sanders isopach map, shows that
the Sanders is thin compared to previous maps, but thicker to the south and west. Figure
3.23 shows the isopach map for the Abernathy Sand, which is thicker to the west.
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Figure 3.20

This isopach map of the Millerella Sand was created using formation tops
picked from well logs. Outside of the map boundaries are wells where data
were missing at the formation depths. The warmer colors indicate thicker
beds and the cooler colors indicate thinning beds.
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Figure 3.21

This isopach map of the Carter Sand was created using formation tops
picked from well logs. Outside of the map boundaries are wells where data
were missing at the formation depths. The warmer colors indicate thicker
beds and the cooler colors indicate thinning beds.
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Figure 3.22

This isopach map of the Sanders Sand was created using formation tops
picked from well logs. Outside of the map boundaries are wells where data
were missing at the formation depths. The warmer colors indicate thicker
beds and the cooler colors indicate thinning beds.
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Figure 3.23

This isopach map for the Abernathy Sand was created using formation tops
picked from well logs. Outside of the map boundaries are wells where data
were missing at the formation depths. The warmer colors indicate thicker
beds and the cooler colors indicate thinning beds.
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Subsurface Formation Contour Maps
Figures 3.24, 3.25, 3.26, 3.27, and 3.28 are subsurface contour maps of the top of
the formations Millerella, Carter, Sanders, and Abernethy respectively. Figure 3.24
shows that the upper surface of the Millerella is shallower to the east and deepens to the
west. Figure 3.25 shows that the upper surface of the Carter Sand is also shallower to the
east and deepens to the west. Figure 3.26 shows that the upper surface of the Sanders
Sand is shallower in the southeast corner of the map and significantly deeper in the
southwest corner of the map. Figure 3.27 shows that the top surface of the Abernethy
Sand is shallower to the north and deeper to the south. Figure 3.28 shows that the top of
the Lewis Formation is highest in the center of the map.
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Figure 3.24

This is Millerella Sand top map. This is the depth from the surface to the
formation tops. For the wells shown, outside of mapped area, no data on
the Millerella were available.
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Figure 3.25

This is Carter Sand top map. This is the depth from surface to the formation
tops. For the wells shown, outside of mapped area, no data on the Carter
was available.
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Figure 3.26

This is Sanders Formation top map. This is depth from the surface to the
formation tops. For the wells shown, outside of mapped area, no data on
the Sanders was available.
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Figure 3.27

This is Abernathy Formation top map. This is the depth from the surface to
formation tops. For the wells shown, outside of mapped area, no data on
the Abernathy was available.
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Figure 3.28

This is Lewis Formation top map. This is the depth from surface to
formation tops. For the wells shown, outside of mapped area, no data on
the Lewis was available.
Element Mapping

Figures 3.29, 3.30, 3.31, and 3.32 show elemental mapping data collected using
the EVO- SEM. In figure 3.30 the bright yellow spots indicating Ca stand out and
suggest calcite. In figure 3.32, the distribution of Si and Al, suggest the presence of
quartz and clay minerals. The shape of the Si suggests quartz overgrowths. The blue
spots of Fe suggest the presence of pyrite.
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Figure 3.29

Sample from well J R Hawkins Etal 1 API number 2302520024 interval
8740-8760 feet. Were analyzed using element mapping on the EVO at the
Institute for Imaging and Analytical Technologies (I2AT). The first image
figure 3.29 A shows the field of view in SEM and the second image, figure
3.29 B shows the same field of view with the elemental composition.
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Figure 3.30

Shows the same field of view in figure 3.29 broken down by single
element. The elements detected were O, Pt, Si, Al, C, Fe, K, Ca, Ti, Mg,
and Na.

Figure 3.31

Samples from well J R Hawkins et al.-1 API number 2302520024 interval
8740-8760 feet were analyzed using elemental mapping on the EVO (Carl
Zeiss EVO50VP Variable Pressure Scanning Electron Microscope) at the
Institute for Imaging and Analytical Technologies (I2AT). The first image
figure 3.31 A shows the field of view in SEM and the second image, figure
3.31 B, shows the same field of view with elemental composition.
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Figure 3.32

Shows the same field of view in figure 3.31 broken down by single element
composition.

Figure 3.32 A shows a high concentration of Si in the lower right corner, which
indicates quartz grains. These red zones in Figure 3.32 A also show the crystal shape of
quartz. Figure B zones dominated by Al are interpreted as clay minerals which is
consistent with the interpretation of the clay mineral illite in the SEM image. Figure C
Accumulations of Fe are shown blue in figure C and suggest accumulation of pyrite.
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CHAPTER IV
DISCUSSION & CONCLUSIONS
The hypothesis tested was that public data including cuttings and well logs could
be used to generate input data for reservoir models that are useful for future production.
Publicly available well logs were successfully used to create cross sections to show unit
thickness, isopach maps to show relative distribution of sands, and surface maps to show
subsurface contours. Cuttings were used to characterize the reservoir units using thin
sections and SEM. Not all needed information was publicly available. For example,
well logs that could be used for porosity analysis were not available. Isopach maps were
possibly distorted because data was missing in the western side of the study area. Fewer
wells were available on the western side of the field and none of the wells available on
the western side of the field were deep enough to provide data on the productive units.
Productive units of the Siloam field were identified as the Rea and Carter in the
Mississippian. Figure 3.2 and 3.3 shows that production of oil and gas was high in the
1970s and 1980s, but it dropped significantly in the 1990’s and has been very low in
recent years.
The cross section and production data show that the most productive layers begin
around 8400 feet, deep below the thick section of undifferentiated Pennsylvanian strata
with an even thicker section of Cretaceous strata above that. Cross sections show that the
Carter Sand varies in thickness across the field. The Lewis Sand is not present in many
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wells, but where it is present, it appears to be thicker than the Carter Sand. Thickness
data for modeling could be deduced from the cross sections and isopach maps.
The Millerella isopach map shows that the unit is thicker in the southwest (see
Figure 3.20). The Carter Sand isopach map shows that unit is thinner in the west, but the
unit is thicker in the southeast and missing data in the northwest and southwest (see
Figure 3.21). The Sanders Sand isopach map shows that the unit is thinner in the
northeast, but the unit is slightly thicker in the southwest and missing significant data in
the north and southwest (see Figure 3.22). The Abernathy Sand isopach map did not
show significant changes in thickness however, the data was missing in much of the field
(see Figure 3.23). All of these thickness variations are consistent with previous
interpretations of these units as deltaic and fluvial systems.

The Lewis Sand tops were used to create a contour surface map. It appears to be
high in the north center of the field. The lack of deeper well data prevented creation of
an isopach map for the Lewis Sand. Many wells stopped in or below the Lewis Sand (see
Figure 3.18). The variations in thickness from unit to unit are consistent with delta or
river channel depositional systems described by previous studies. Surface contour maps
showed that units dip to the west or south.
Thin section and SEM analysis shows that the siliciclastic-dominated section
composed of sandstone, siltstone and shale shows mostly little or poor porosity. A
potential problem with this study is that all the samples used were cuttings, and it is
possible that the rock broke along porous zones, so that porous zones were underrepresented in the data. The thin section photomicrographs that were taken with crossed
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polarized light and the gypsum plate inserted showing very tightly cemented, sandstone,
with dark organic matter, and caught between grains. This is the type of tight sand might
be produced in the future using new unconventional technology.
SEM images were used to recognize illite-like comparison to published images of
illite. Welton (1984). This was complimented by elemental mapping, which showed
euhedral quartz next to a matrix of aluminum-rich clay minerals. Elemental mapping was
also useful for identification of diagenetic calcite and pyrite.
Conclusions
1.

The hypothesis that a full field study generating adequate data for

modeling could be obtained through publicly available data was proven partially false,
because well logs allowing porosity determination were not available. However, unit
thickness and lithologic data were successfully determined using well logs and lithologic
characterization was successfully carried out using cuttings for thin section analysis and
SEM.
2.

The productive units of the Siloam field were identified as the

Mississippian Rea and Carter sands. Thickness was determined using cross section and
isopach maps of the Millerella, Carter, Sanders, and Abernathy sands.
3.

Isopach maps show thickness varied, which is consistent with shifting

channels and deltaic lobes.
4.

Surface contour maps show that units dip consistently to the west or south.

5.

Thin section and SEM show very fine-grained sandstone, siltstone, and

shale. Illite clay is common.
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6.

Elemental maps showing the field of view broken down by single

elements confirm the presence of quartz, clay minerals, pyrite, and calcite.
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